of the conversion of blood glycerol carbon atoms to blood glucose carbon atoms in the normal dog in the postabsorptive state, it was observed that the intravenous infusion of glycerol at 365-400 pmoles/min brought about a higher steady level of plasma glycerol concentration and a fourfold increase in the rate of uptake of glycerol from the blood. At the same time there occurred a slightly more than fourfold increase in the contribution of glycerol carbon atoms to the carbon of glucose released by the liver. Whereas about 6 % of issuing glucose carbon atoms derived from bload glycerol (uniformly 14C labeled) carbon in the absence of glycerol infusion, this figure became about 30 % when the bulk amount of glycerol was infused. This change did not bring about an increase in the rate of glucose release by the liver, suggesting the possibility that glycogen breakdown had decreased or that gluconeogenesis from precursors other than blood glycerol had decreased. infusion of glycerol-UJ4C, the collection of blood samples, the measurement of plasma glycerol specific activity by liquid scintillation counting of the glycerol tribenzoate derivative, and the combination of these procedures with the administration of glycerol in bulk to produce a new steady-state condition of glycerol turnover have been described recently (13).
The administration of glucose-6J4C, by initial priming dose and subsequent continuous infusion, and the collection of blood samples for determining plasma glucose concentration and specific activity have been described (9). Plasma glucose concentration was measured by a glucose oxidase procedure (12) and plasma glycerol was determined enzymatically (10). The body surface area of the dogs was calculated from a weight and length formula already described ( 14) q
The calculation of the amount of glycerol converted to glucose requires that the rates of both glucose and glycerol turnover be known. In some experiments, only the glycerol turnover was measured by the infusion of glycerol-U-14C in trace amounts. In these cases a standard value for glucose turnover, which was derived from many previous observations, was utilized in calculating the rate at which the 14C from glycerol appeared in the blood as 14C incorporated into glucose. In other experiments rates of glucose release into the blood were measured using glucose-6J4C.
In these cases glucose release was measured prior to and during infusion of glycerol-UJ4C.
In such experiments, both a glucosotriazole (8) and a formaldehyde-dimedon (2) derivative of glucose were prepared and isolated for liquid scintillation counting. The glucosotriazole derivative gave the amount of 14C present in all six carbon atoms of glucose; the formaldehyde-dimedon derivative gave the amount of 14C present in the carbon-6 of glucose only.
Calculations. The rate of appearance (called G below) in the blood of endogenously produced glucose and the rate of uptake (called U below) of glycerol from the blood by the tissues were calculated.
The calculations of these two rates when glucose-6 J4C and glycerol-U-14C
were infused simultaneously, utilizing the two separate derivatives of blood glucose to correct the 14C content of blood glucose samples for that 14C due to the conversion of glycerol to glucose, has been described in full detail (13) .
From the same basic data a further value is available, namely the fraction (called ld below) of the carbon of the released glucose which is derived from the carbon of the plasma glycerol taken up. The calculation of this value has also been described (13). Figure 1 shows the pathways in the liver for the flow of carbon to glucose. The operation of these pathways determines the value of 8. Carbon enters from blood glycerol at the triosephosphate level, also from liver glycogen (location 2) and from the major gluconeogenic precursors (location 4). The minor contributions from lipid glycerol and from precursors not shown in Fig. 1 are ignored. The conversion of plasma glucose to glucose 6-phosphate (location I> and the reconversion of this glucose 6-phosphate to glucose is a process which is invisible in the present experiments because it has no influence on the plasma glucose specific activity. That part of the glucose 6-phosphate pool which arises from precursors other than blood glucose is the material which is being considered, and it is this material which has the same fraction, 8, of its carbon derived from plasma glycerol as does the new glucose released by the liver. As seen from Fig. 1 glycerol. Since the highest 0 observed in the present experiments is 0.63 (Table Z) , it is apparent that complete cessation of carbon inflow at lodons 2 and 4 does not occur.
Next it is instructive
to consider what would happen to 121, during bulk glycerol infusion, if the inflow at locations 2 and 4 remained unchanged while the inflow of glycerol carbon at the triosephosphate level increased.
Since the rate of glucose released at Zocafion I was found to increase very little in the present experiments during bulk glycerol infusion, the outflow -at Zocdtion 2 or location 4 (or both) must then increase. For increased outflow at Location 2 (to glycogen), the carbon flowing into the glucose 6-phosphate pool from triosephosphate would be seen to have a larger fraction of its carbon than before derived from glycerol. Hence the value of 111, the fraction of the released glucose carbon which is derived from glycerol, would be expected to increase. For increased outflow at location 4, 8 would also increase, but another consideration is raised. In the reversible reaction sequence between triosephosphate and phosphoenolpyruvate in Fig. 1 , increasing the flow of carbon (derived from glycerol) from left to right is expected to have little if any effect on the simultaneous flow of unlabeled endogenous carbon from phosphoenolpyruvate to triosephosphate.
Summarizing the situation for unchanged inflow at locations 2 and 4, an increased inflow of carbon into triosephosphate from glycerol would increase the fraction of the triosephosphate carbon which is derived from glycerol and hence increase, finally, the value of @. However, this would not be due to an impediment to the flow of nonglycerol carbon from phosphoenolpyruvate to triosephosphate.
It is apparent that an observed elevation of fl during bulk glycerol infusion does not prove a diminished flow of carbon from endogenous sources into the liver glycolytic intermediates, because such an elevation of 0 is expected in any event. The desired proof depends upon showing, in effect, that the observed value of fl rises high enough during bulk glycerol infusion to force the conclusion that some decrease must have occurred in the Aow of carbon from other sources into the glycolytic intermediates. This is done by setting up an expression involving @, as described below, for the rate of inflow (and equal outflow) of carbon in the liver glucose 6-phosphate pool. In each state, that is in the steady state prior to glycerol infusion and in the new steady state during glycerol infusion, the numerical value of this expression for the rate of flow is known only in that it has to lie between certain limits. However, the observed values of fl are high enough to force a useful conclusion even though this much latitude is allowed for in the rate of flow of carbon into and out of the glucose 6-phosphate pool. For any given steady state, the lower limit of this rate is the observed rate of release of glucose carbon to the blood. The upper limit of the rate is set, in mathematical terms, by assuming that all (n = 1.0 below) of the glycerol carbon which disappears from the blood into the tissues flows into the liver glucose 6-phosphate pool, along with enough carbon from other the observed fractional (Id) contribution of sources plasma to yield glycerol carbon to the mixture. A practical physiological upper limit which is lower than this is set by the fact that only about 70 % of the total glycerol carbon which disappears from the blood is taken up by the liver. Proceeding to set up the required expressions, the key number, called n, is assigned to represent the fraction of the measured whole-body glycerol uptake rate (U) which flows into the liver glucose 6-phosphate pool. The rate at which plasma glycerol carbon enters the pool is then nU. The value of nU like the value for glucose release (G) is expressed as grams of carbon per square meter of dog body surface area per hour.
Since I?I is the fraction of the carbon of the glucose 6-phosphate pool which is derived from plasma glycerol,
(1 -0) is the fraction derived from all other sources, including hepatic glycogen breakdown (glycogenolysis).
The ratio of (other-than-p1 asma glycerol)/(plasma glycerol) carbon is
(1 -fl)/@. When th e rate of flow of carbon from plasma glycerol to glucose 6-phosphate is nU, the rate of flow of carbon from other sources is (( 1 -B>nU/lif).
The total rate of flow of carbon to glucose 6-phosphate is then nU + (1 -ar>nU/@, which is equal to nU/@. If the rate of glucose release, expressed as grams carbon per square meter of dog body surface area per hour, is designated by G then the amount of glucose 6-phosphate carbon which suffers a fate other than release as glucose is given by (nU/@ -G) grams carbon per square meter per hour.
The various expressions defined above are now collected for convenience.
The glucose 6-phosphate pool referred to in these expressions is that part of the liver glucose 6-phosphate pool which is derived in a manner other than by the phosphorylation of glucose molecules taken up by the liver from the blood. Hence the glucose 6-phosphate referred to is the direct precursor of the new, endogenously produced, glucose molecules which are released by the liver to the blood. All rates are in grams carbon per square meter body surface area per hour. rate of release to the blood of the carbon of new, endogenously produced, glucose molecules rate of uptake from the blood (by all tissues) of the carbon of plasma glycerol molecules fraction of the total glycerol carbon taken up by the tissues which flows into the glucose 6-phosphate pool rate of flow into the glucose 6-phosphate pool of the carbon from plasma glycerol fraction of the carbon of the glucose 6-phosphate pool which is derived from plasma glycerol fraction of the carbon of the glucose 6-phosphate pool which is derived from sources other than plasma glycerol rate of flow of carbon into the glucose 6-phosphate pool from sources other thin plasma glycerol total rate of flow of glucose 6-phosphate rate of flow of carbon 6-phosphate pool to release to the blood molecules carbon into the pool from the glucose fates other than as new glucose 885
Taking as an example the mean values for the long-fasted dog infused with bulk glycerol (see Table 2 ) : since 8 = 0.63, 63 % of the glucose carbon released to the blood consists of carbon derived from plasma glycerol; 37 % of it must then consist of carbon derived from other sources. The value of (1 -s>/@ is then .37/,63 = 0.587. Then since glycerol uptake (U) is 1.42 g carbon per square meter dog body surface per hour, and nU grams of glycerol carbon per square meter per hour goes to glucose 6-phosphate carbon, the rate of flow of carbon from other sources going to glucose 6-phosphate carbon is 0.587 nU, or 0.587n( 1.42), or 0.83n g carbon per square meter per hour.
The minimum value which n can have at any measured value of fi is set by the observed rate (G) of glucose release to the blood, which i n the present instance is 1.38 g carbon Per sq uare meter per hour; this mi .nimum value for n allows for no flow of carbon from glucose 6-phosphate to any material other than blood glucose. The total rate of flow of carbon to glucose 6-phosphate is then 1.42n (from glycerol taken up) plus 0.83n (from other sources), or 2.25n; this can be seen to be equivalent to (U/ar>n, or (1.42/ 0.63)n. Then the minimum value for n is set when the expression ((U/@)n -G) equals zero; that is, 2.25n -1.38 = 0, or n = 0.6 1. If a higher value for n is assumed, the expression ((U/@)n -G) is greater than zero; that is, some carbon from glucose 6-phosphate then goes to materials other than the glucose released to the blood. Table 1 presents values for a number of normal dogs in the postabsorptive state: I) at zero bulk glycerol infusion; and 2) at three separate levels of bulk glycerol infusion. Table 2 gives values for a number of long-fasted dogs, some of which received no bulk glycerol and some of which received bulk glycerol at 300-400 pmoles/min. The glycerol-to-glucose conversion of a number of the dogs included in Table  1 has been reported earlier (13); the last group of Table  1 and all of the experiments in Table 2 are reported here for the first time. Tables 1 and 2 demonstrate that the infusion of glycerol in bulk amount increases plasma glycerol concentration and the rate of disappearance of glycerol from the blood (glycerol uptake by the tissues of the body). Only a modest (20 %) increase in the rate of glucose released to the blood is seen at even the highest levels of bulk glycerol infusion; however, the fraction of the carbon of the glucose released Even if other carbon inflow were to remain constant, an increased carbon inflow from glycerol into the glycolytic intermediates (see Fig. 1 ) would increase the fraction, I& of the carbon of the new glucose released which is derived from glycerol.
RESULTS
If the flow into the glycolytic intermediates of carbon from sources other than glycerol were to decrease when glycerol carbon inflow increases, the rise in this fraction would be enhanced.
By considering each of the above situations separately, as is done below, it is possible to see that the observed fraction of the released glucose carbon which is derived from glycerol rises too high at the maximum glycerol infusion rate to be explained solely by the increased inflow of glycerol carbon into the glycolytic intermediates. Fraction of glycerol uptake going to glucose 6-phosphate assumed to be constant whether or not bulk glycerol is infused. The values in Table 3 absolute rate of glycerol uptake from the blood. The value for n cannot be more than 1 .O (100 % of disappearing glycerol carbon goes to hepatic cell glucose 6-phosphate); this is the mathematical rather than the practical limit. The value 1.0 is then taken in Table 3 as an upper limit  and is repeated for each group of experiments  reported  in  Tables 1 and 2 (no glycerol infused, given level of glycerol  infused, postabsorptive state, and long-fasted state). When n has to be the same for all the groups of dogs represented in Table 3 its lower limit is set by the rate of glucose release in the group (see Table 2 ) in which glycerol was infused at 300-400 pmoles/min in the long-fasted dog; the calculation of n for this case is the example given in METHODS above. A value for n less than this is possible for the other groups of Tables 1 and 2 . However, such a lower value of n would result for the last group in Table 2 in a calculated flow of total carbon into glucose 6-phosphate which would be inadequate to account for the observed rate of glucose release. The minimum value for n (0.61), then, which can be used for every one of the several groups, is repeated in Table 3 for each group of experiments reported in Tables  1 and 2 .
It will be noted that either of the two extreme values of n utilized in Table 3 (and also all intermediate values which might be assumed) leads to the same qualitative conclusion. The flow of carbon from precursors other than plasma glycerol becomes less as more bulk glycerol is infused. At the same time the total amount of carbon (nU) flowing into the glucose 6-phosphate pool from plasma glycerol is seen to be increased, the amount of carbon flowing into the glucose 6-phosphate pool from other than plasma glycerol sources is seen to be decreased. In the postabsorptive state this could be understood as requiring only a lesser inflow at location 2 of Fig* 1 , Le., a lesser flow from glycogen to the glucose 6-phosphate pool. However, in the long-fasted dog, depleted of liver glycogen, such an explanation is no longer tenable. Since carbon from plasma glycerol and carbon from the sources designated by S in Fig. 1 flow together from triosephosphate to glucose 6-phosphate, a lesser flow, from sources other than plasma glycerol, can occur simultaneously with a higher flow, from glycerol, only because the other-than-glycerol carbon flow toward triosephosphate at location a of Fig. 1 values of n are present in Table 4 , one for the groups of dogs in the postabsorptive state and one for the groups in the longer fasted state. In each case the initial n is a minimum value, that is the value required to bring to zero the calculated flow of carbon from glucose 6-phosphate to any fate other than release to the blood as glucose. In Table 4 , n is not kept constant as it was in It is noted that it is not possible for 114 % of the carbon of the plasma glycerol taken up to appear in glucose 6-mean about 100 %) the values for the conversion of glycerol phosphate.
If the value in question is reduced to 100 %, its largest conceivable value, the value of ((I -@)nU/@) to glucose of 82 % in the postabsorptive state and about becomes 0.83 (see Table 3 taken up by the liver reaches the glucose 6-phosphate from which glucose is released by the liver. It is concluded that the assumption on which this calculation is based (namely that there is no decrease at all during bulk glycerol infusion in the flow of carbon to glucose 6-phosphate from precursors other than plasma glycerol) is untenable.
As before, then, it is concluded that there must be a decrease in this flow at the same time that the flow (nU) of carbon from plasma glycerol to glucose 6-phosphate is increased.
In As already emphasized, the finding during the infusion of glycerol in bulk amount cannot be explained on the basis of increased input of carbon from glycerol alone; some decrease must have occurred in the flow of carbon from nonglycerol precursors to glucose 6-phosphate. However, it is not justifiable to conclude from the present evidence that there was no increase at all in the fraction (n) of the total glycerol uptake which went to glucose 6-phosphate during bulk glycerol infusion. The following considerations are appropriate in this connection. The conditions imposed in Table 3 , where n is assumed constant, and in Table 4 , where (1 -@)nU/@ is assumed constant,
should not be construed to mean that the data R. STEELE, B. WINKLER, AND N, ALTSZULER could not be interpreted if there were assumed to be a simultaneous shift in both of these parameters. For example, for Table 4 , n might be taken as being anywhere between 0.53 and 0.70 for the long-fasted dog prior to bulk glycerol infusion and be assumed to increase during bulk glycerol infusion to a point nearer to 0.70. If this is done, the value of (1 -Id)nU/@, the flow of other than plasma glycerol carbon into glucose 6-phosphate, is found to be decreased during bulk glycerol infusion while at the same time nU is increased.
Inhibition of gluconeogenesis would still be apparent.
With regard to glycerol uptake by the liver, a reasonable expectation is that the fraction of the total glycerol uptake which is due to the liver remains about the same when whole-body glycerol uptake is forced higher by glycerol infusion.
Nothwithstanding this, the situation within the
